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Within the Standard Model (SM), the asymmetry is very small because of two suppression










) 1. Second, the










) 1. Since new physics contributions to  
12
are
small, and since jM
12
j is known from the measured value of the mass dierence between the
neutral B mesons, m
B
, the rst suppression factor should be valid model independently.
In contrast, the second suppression factor could easily be avoided if new physics modies
the phase ofM
12
. This situation, where new physics could enhance A
SL
by a factor of O(10)
makes this asymmetry a sensitive probe of new physics.





























= (0:2 1:4) 10
 2
: (4)
With its experimental accuracy of order one percent, the result (4) puts for the rst time




mixing. It is our goal in
this work to study these implications.
The plan of this paper is as follows. In section II we update the Standard Model prediction
for A
SL
, taking into account the recent measurements of the CP asymmetry in B !  K
S
decays. In section III we explain how generic new physics can aect A
SL
. In section IV we
investigate the eects of models of minimal avor violation. In each of sections II, III and
IV we rst derive analytic expressions for the asymmetry and then carry out a numerical
investigation using the methods of ref. [7]. We give our conclusions in section V.
II. A
SL
IN THE STANDARD MODEL
A. Analytical Expressions
Using the Standard Model expressions for  
12






























































is a QCD correction factor and S
0
is the Inami-Lim function for the


























































































































1  4z   1 + 4z   2z
2




















The matrix elements hQi and hQ
S

































































































































































Note that the terms with CKM dependence that is dierent from the leading result appear
only at O(z
2
) and are therefore very small.
The 1=m
b































































The matrix elements hR
i



























































































). We can therefore safely



































) corrections have not been fully calculated. They can be divided into penguin


















































































depend also on C
3;4;5;6










































































The NLO corrections to A
SL




), have not been calcu-
lated. The challenge lies in the diagrams involving a charm quark, an up quark and a gluon
in the intermediate state, which are very sensitive to m
c





limit [9]. Consequently, there is an ambiguity as to which denition of m
c
is best suited to the evaluation of A
SL
. This is the largest uncertainty at present in the
Standard Model prediction for this asymmetry.
To summarize, the Standard Model expression for the CP asymmetry in semileptonic B
4




























































































































There are a number of input parameters needed to evaluate eq. (17). The ones not dis-






, etc.) are taken from ref. [12]. TheK's are calculable in








) = 0:118), given in Table XIII of ref. [13]. This gives the values shown in
Table I. The uncertainty related to these is tiny compared to the ones discussed next, and
will be neglected. For the bag parameters we use the unquenched lattice QCD results with







These results are in good agreement with [16]. We also use f
B
= 200  30MeV [17],











' 230  30MeV used in [12].
Here, and in the denition of  in eq. (6), 
B





































































TABLE I: Inputs for the ts, other than those listed in [12]. When no error is stated, the quantity
is held constant. Errors with \theo" subscripts are treated as ranges, and as Gaussians otherwise.
At present, the biggest uncertainty in evaluating eq. (17) comes from not knowing the
NLO [O(
s
)] corrections. In particular, it results in an ambiguity in the quark mass deni-





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































f i t t e r
FIG. 2: The constraint on the    plane from the present data on A
SL
in eq. (4) (left); and the
constraint that would follow from a hypothetical value A
SL
= ( 1 3) 10
 3
(right). The central
value of the latter was chosen to be consistent with the SM, and the error may be achievable by
2005. The dark-, medium-, and light-shaded regions have condence levels above 90%, 32%, and
10%, respectively. The white regions contain points with at most 10% CL.
At leading order, corresponding to A
0
SL









> 0 and X
 
< 0 excludes the interior of two circles, one with radius R
+
around the
point (; ) = (1; R
+
), and another with radius R
 
around the point (; ) = (1; R
 
).


























these circles by making them slightly larger for  < 1 than for  > 1, as shown in Fig. 2.
In Fig. 2, the left plot shows the constraint that the present data on A
SL
, eq. (4), provide





. We chose the central value to be within the SM allowed
range and the error to represent an experimental accuracy that may be achievable with
500 fb
 1
data expected by 2005 at the B factories, using a simple statistical scaling of the
BABAR result [5], which is based on 20 fb
 1
data and is the most precise one in eq. (3).
The dark shaded regions contain the points with condence levels above 90%, and include
the best t points. The dark and medium shaded regions together contain the \one sigma"
allowed regions with CL above 32%. The dark-, medium-, and light-shaded regions together
contain all points with CL higher than 10%. Thus, the white regions have at most 10% CL.
The small diagonally hatched areas show the SM allowed region (points with greater than
10% CL). The horizontally stripped regions contain the points with CL above 10% for a
hypothetical \perfect" measurement of A
SL
= +0:002 (left plot) and A
SL
=  0:001 (right
plot). These illustrate the signicance of the present theoretical errors in interpreting the
experimental results, and the importance of reducing them by determining m
b
and z more




One sees that within the next few years A
SL
will not be a useful constraint on (; ) in
the context of the Standard Model if the experimental result remains consistent with the
SM prediction. However, as we discuss it next, it is a sensitive probe of new physics, and







in models of new physics [10, 19, 20, 21] with the following two
features:
(i) The 3  3 CKM matrix is unitary.
(ii) Tree level processes are dominated by the SM.





, and the new physics eects modify only M
12
.






























and for the CP asymmetry in charmonium-containing b ! ccs decays, which is denoted





= sin(2 + 2
d
): (21)
For the CP asymmetry in semileptonic decays, the modication from the Standard Model



















































, it could give an asymmetry that is an order of magnitude larger
than the Standard Model prediction. This would happen if the new physics contribution to
M
12
has a large new phase (sin 2
d













 1, corresponding to cancelling contributions to m
B
from the Standard Model and
from new physics. However, we nd that this term plays a numerically negligible role as
long as the error of A
SL
is much larger than the SM expectation.





from the present measurements
of A
SL















, penguin and NLO QCD corrections. Given the present experimental accuracy, it
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CL CK Mf i t t e r
FIG. 5: Condence levels of sin 2
s
in the Standard Model.




will make a signicant dierence. This is











Similar analyses will become possible in the future for the B
s
system. Within the SM, the
semileptonic asymmetry in B
s
decays is suppressed even more strongly than the asymmetry
in B
d

















it is given by eq. (7), which is a factor of order unity. In contrast, for A
s
SL


















. In Fig. 5 we give the CL for sin 2
s
within the SM.
We learn that the range of sin 2
s
with greater than 10% CL is
0:026 < sin 2
s



















, the present lower bound from the LEP/SLD/CDF com-









> 0:6 ; (26)
whereas there is no constraint on 
s
yet. These parameters can be determined in the future






. (ii) A measurement
of the CP asymmetry in B
s
!   or  
(0)




). If the asymmetry
is much larger than the SM range, it practically determines sin 2
s









and will give a consistency check on the interpretation














WITH MINIMAL FLAVOR VIOLATION
A. Analytical Expressions
Minimal avor violation (MFV) is the name given to a class of new physics models that
do not have any new operators beyond those present in the Standard Model and in which
all avor changing transitions are governed by the CKM matrix with no new phases beyond
the CKM phase [23, 24, 25, 26, 27, 28, 29]. Examples include the constrained minimal
supersymmetric Standard Model and the two Higgs doublet models of types I and II. In
these models, the SM predictions for some avor changing processes remain unchanged,
while other are modied but in a correlated way. The new physics contributions that are
relevant to our discussion depend on a single new parameter, F
tt
, that is real but could have










= 0 () for F
tt
> 0 (< 0) | with the additional constraints, (ii) and
(v) below:




j in the same way as in the Standard Model.









j in the same way as in the Standard Model.
(iii) The CP asymmetry a
 K







) sin 2 : (27)

















(The QCD correction in MFV models may dier from 
B




and for the top contribution to 
K
, so it can be absorbed in F
tt
[26].)
(v) The Standard Model contribution to 
K

























The constraints on ,  and F
tt
from these processes have been analyzed in a number of
papers (see, for example, [25, 29]). In this section we present the MFV predictions for A
SL
.
The dependence of A
SL





























Thus the size of A
SL
may be dierent from the Standard Model.
As concerns the sign of A
SL
, one might naively think that it could be opposite to the






















j which implies  < 1)












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































f i t t e r
FIG. 7: The allowed    range in MFV models. The shadings mean the same as in Fig. 2.
value of f
B
decreases then the CL of the F
tt
< 0 solution increases, while that of the F
tt
> 0
solution is reduced. For example, for f
B
= 170  10MeV, both solutions have about equal
CL, and if f
B
= 160  10MeV then the CL of the F
tt
> 0 solution is hardly above 50%.
Fig. 7 shows the allowed range of  and  in MFV models. In agreement with Fig. 6, it




, the CP asymmetry in semileptonic B decays, in three theoretical
frameworks.











[see eq. (17)]. This leaves the NLO corrections, of order 
s
, as
the largest source of uncertainty. Our improved calculation gives that the allowed range of
A
SL




<  0:5  10
 3
. The
smallness of the asymmetry means that even with improved statistics in the B factories, no
useful constraints on the CKM matrix will arise within the next few years.
Within models of minimal avor violation, a mild enhancement of the asymmetry is




<  0:3  10
 3
. This is again too small to be observed in the
near future. Conversely, if the asymmetry is measured with a value that is much larger than





), is maintained; a measurement of a positive A
SL
would therefore
exclude both the SM and MFV.
The recent measurements of A
SL
do already have meaningful consequences in probing less
constrained extensions of the SM, where there are new sources of avor and CP violation.
In particular, in models where the new eects can be neglected in tree-level decays but are
signicant in avor changing neutral current processes, the four observables | jV
ub
j from






| depend on four parameters:






In this framework, A
SL






plane, especially in the region of small r
2
d
and large sin 2
d
. In this region, there is strong





the magnitude of the dispersive part and maximizes the relative phase between the dispersive
and absorptive parts. Under these circumstances, A
SL
is much enhanced and opposite in
sign to the Standard Model prediction. The recent experimental results disfavor such a
possibility (see Fig. 3).
We conclude that improved bounds on A
SL





mixing. If a sizable value of A
SL
is measured in the near future, not only
the Standard Model but also its extensions with minimal avor violation will be excluded.
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